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Abstract 

A measurement of the cross-section for T(15) — > production in proton-proton collisions at centre 

of mass energy of 7 TeV is presented. The cross-section is measured as a function of the Y(15) transverse 
momentum in two bins of rapidity, jy^C'^) | < 1 .2 and 1 .2 < jy^C'^) | < 2.4. The measurement requires that 
both muons have transverse momentum pj>4- GeV and pseudorapidity |t]''| < 2.5 in order to reduce 
theoretical uncertainties on the acceptance, which depend on the poorly known polarization. The results 
are based on an integrated luminosity of 1 . 1 3 pb^ ' , collected with the ATLAS detector at the Large Hadron 
Collider. The cross-section measurement is compared to theoretical predictions: it agrees to within a factor 
of two with a prediction based on the NRQCD model including colour-singlet and colour-octet matrix 
elements as implemented in Pythia while it disagrees by up to a factor of ten with the next-to-leading 
order prediction based on the colour-singlet-model. 



1. Introduction 

The production of J/\l/ and T mesons has been 
studied since their discovery in the 1970s 
and even today there is no conclusive coherent the- 
oretical picture of J/i^ and T hadroproduction. There 
are major questions associated with the consistency 
of measurements made at the Tevatron, HERA and 
fixed target experiments |3]. In particular it is dif- 
ficult to reconcile the cross-section measurements 
with those of the spin alignment and there are 
significant disagreements between the two Teva- 
tron experiments on the measurement of the spin 
alignment in the case of T production It is 

thus important for the LHC experiments to measure 
the production of these mesons in order to shed fur- 
ther light on the puzzle. 

The CMS collaboration has recently presented 
a measurement of Y production (@], correcting for 
the detector acceptance of the two daughter muons 
in both angular and momentum range. This ap- 
proach was also adopted in the ATLAS J/\lf cross- 
section publication |7]. Correction of the data in 
this way introduces uncertainties due to the poorly 
known spin alignment of the T (or J/y/). Note, 
that CMS quote the measurement for a wide va- 
riety of assumptions on the spin alignment, and the 
ATLAS J/ 1^ measurement takes the differences be- 
tween the corrections obtained with different spin 
alignments as an additional systematic uncertainty. 



With that in mind, a somewhat different ap- 
proach to the measurement of the T(15) production 
cross-section is adopted in this analysis. The result 
is presented as a function of transverse momentum, 
Pt, and rapidity, y, of the T(15'), corrected for de- 
tector response and efficiencies but defined within 
a restricted range of muon kinematics where both 
muons have pj. greater than 4 GeV and absolute 
pseudorapiditjo, |t7''|, less than 2.5. The relative 
fraction of T(15) mesons where both muons fulfill 
the kinematic requirements compared to all T(15) 
mesons depends strongly on the spin alignment of 
the T(15). For instance, assuming full transverse 
or longitudinal spin alignment versus unpolarised 
production changes this fraction by typically 30%. 
By quoting the measurement in a restricted region 
of phase space where muons are detected, uncer- 
tainties due to the T spin alignment on the mea- 
surement are almost eliminated so that the quoted 
cross-section is free of any assumptions about this 
property. 

A single muon trigger with a threshold of pj > 



ATLAS uses a right-handed coordinate system with its ori- 
gin at the nominal interaction point (IP) in the centre of the de- 
tector and the z-axis along the beam pipe. The ,t-axis points 
from the IP to the centre of the LHC ring, and the )' axis points 
upward. Cylindrical coordinates {r,(j>) are used in the trans- 
verse plane, being the azimuthal angle around the beam pipe. 
The pseudorapidity is defined in terms of the polar angle 6 as 
T] = -lntan(e/2). 
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4 GeV is used. This limits the dataset used for this 
measurement to the low luminosity periods of 2010 
corresponding to an integrated luminosity of 1 . 1 3 ± 
0.04 pb-i. 

In the following sections, a brief description of 
the ATLAS detector is given with emphasis on the 
aspects most relevant to this analysis. Next the 
measurement strategy is outlined, followed by a de- 
scription of the Monte Carlo simulation used. The 
event selection and the determination of the num- 
ber of T(15) events are then described before the 
results are presented, and a conclusion is given. 

2, The ATLAS Detector 

The ATLAS detector [8] consists of an inner 
tracker, a calorimeter and a muon system. The in- 
ner detector (ID) directly surrounds the interaction 
point; it includes a silicon pixel detector (Pixel), a 
silicon strip detector (SCT) and a transition radia- 
tion tracker (TRT), and is embedded in an solenoidal 
2 T magnetic field. The ID covers the range |rj | < 
2.5 and is enclosed by a calorimeter system con- 
taining electromagnetic and hadronic sections. The 
calorimeter is surrounded by a large muon spec- 
trometer (MS) inside an air-core toroid magnet sys- 
tem which contains a combination of monitored drift 
tubes (MDT) and cathode strip chambers (CSC), 
designed to provide precise position measurements 
in the bending plane and covering the range \rj\ < 
2.0 and 2.0 < [tjI < 2.7, respectively. In addition, 
resistive plate chambers (RPC) and thin gap cham- 
bers (TGC) with a coarse position resolution but 
a fast response time are used primarily to trigger 
muons in the rapidity ranges 1 7] | < LOS and LOS < 
ItjI < 2.4, respectively. Momentum measurements 
in the MS are based on track segments formed sep- 
arately in at least two of the three station layers of 
the MDT and the CSC. The RPC and TGC are used 
to improve the pattern recognition and track recon- 
struction in the non-bending plane. They do not 
improve the position measurement in the bending 
plane. 

The first level muon trigger looks for hit coinci- 
dences within different RPC or TGC detector lay- 
ers inside programmed geometrical windows that 
define the muon pr and provide a rough estimate of 
their positions |9]. The lowest available pr thresh- 
old is used for this analysis. In addition, muons 
are required to pass a high-level trigger selection 
similar to that of the offline reconstruction and a 
transverse momentum threshold of pj > 4- GeV. 



3. Outline of the Measurement 

The differential T(15) cross-section is given as 

d2(T 



dprdy 



xBR(T(15) ^ M M") 

-^(15) 

/ Jfdf X Apr X Ay' 



(1) 



where / ^dt is the integrated luminosity, and Apr 
and Ay are the bin sizes in p]^'''^' and y^C'^), re- 
spectively. Nji^is) is the corrected number of Y(15) 
mesons. It is determined with an unbinned maxi- 
mum likelihood fit to the dimuon mass distribution 
after applying a weight to each candidate that is 
the inverse of its selection efficiency as described 
in Section |5] The cross-section is defined within 
the fiducial cuts Pj>4- GeV and |tj''| < 2.5 on 
both muons, where the jj, kinematics are those be- 
fore any final state QED radiation. 

The key aspects of this measurement are the ef- 
ficiency determination and the fit to extract A^y(15V 
These are described in detail in Sections |5] and [Sj 
respectively. 

The effect of bin migrations due to finite detec- 
tor resolution and final state photon radiation has 
been studied. Given the good muon momentum 
resolution of a{pT)/pT < 0.5% in the momentum 
range relevant for this analysis |10] and the rela- 
tively coarse binning used for this measurement, 
the bin migrations due to detector resolution and 
final state radiation are smaller than 2% in all bins. 
This 2% also accounts for the migrations across the 
Pj and rj^ cuts. This small effect is not corrected 
for and therefore considered as part of the system- 
atic uncertainty, which is discussed in Section [T] 
Any residual impacts of the assumption on the T 
polarization have also been assessed and are within 
this 2% uncertainty. 

4. Monte Carlo Sunulation 

In this analysis, all efficiency factors are de- 
termined directly from the data. The differential 
cross-section expressed in Eq.[T]does not need any 
large acceptance corrections which would require 
a detailed modelling of the kinematic properties of 
the events. Monte Carlo (MC) simulation is only 
used to construct templates for the likelihood fits 
to the dimuon mass distribution, and to assess the 
corrections due to migrations between pj and 



MC events are generated using PYTHIA6 lU | 
with the ATLAS MC09 tune ['l?) and MRST 
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LO* II13II parton distribution functions. They 
are simulated with the ATLAS simulation frame- 
work flT] using Geant4 fT?) and fully recon- 
structed with the same software that is used to pro- 
cess the data from the detector. 

For the Y MC samples, Pythia6's implemen- 
tation of T production subprocesses using the non- 
relativistic QCD (NRQCD) ^ framework and the 
parameters recommended in Ref. fll\ are used. 
In this model, quarkonium is produced in both a 
colour-singlet and a colour-octet state, and evolves 
non-perturbatively into physical quarkonium. Each 
T{nS) state is generated separately and includes di- 
rect production from the hard interaction, as well 
as production through radiative feed-down from 
Xb{nP) — > T(n5')7 decays. The samples are gen- 
erated without polar or azimuthal anisotropy in the 
decay of the T (the default in Pythia). 

Background contributions come mainly from 
open production of charm and bottom quarks with 
subsequent decay of the c- or fe-hadron to a muon. 
A further, much smaller contribution comes from 
Drell-Yan production. These continuum back- 
grounds are described using the minimum-bias pro- 
cesses in Pythia. In order to avoid double- 
counting, any generated minimum bias events con- 
taining Y-mesons are explicitly removed from the 
sample. This background sample is only used to es- 
timate a systematic uncertainty on the background 
modelling. 

In all samples final state QED radiation is con- 
sidered using Photos Um interfaced to Pythia. 



5. Event Selection and Efficiency Determination 

Selected events are first requested to satisfy a 
single muon trigger with a threshold of ^ > 4 GeV. 
Then two offline muons are required with pj > 
4GeVand|Tj''|<2.5. 

Reconstructed muons that combine a track re- 
constructed in the MS with a track reconstructed 
in the ID are referred to as combined muons f§\. 
In order to recover efficiency for muons with low 
momenta, tagged muons extrapolate an ID track 
to the muon system and attach MS track segments 
that are not associated to any MS track. For both 
categories of muons in this analysis, the kinematic 
properties of the muons are solely determined from 
the parameters of the ID tracks associated with the 
muons. At least one of the two offline muons must 
be a combined muon, and at least one of them must 
match geometrically to a trigger muon. At low 
dimuon pr about 60% of the events have two com- 
bined muons, and at high pr this fraction increases 



to about 90%. Since the measurement is restricted 
to \y^'^^^^ I < 2.4 and Pj>4 GeV at least one of the 
two decay muons is within the trigger pseudorapid- 
ity acceptance. 

Both muon tracks are required to have at least 
one pixel hit and six SCT hits. Since the Y is pro- 
duced promptly, background from heavy flavour de- 
cays is suppressed by requiring the muons to origi- 
nate from the primary vertex. Cuts requiring |iio| < 
150 /xm and |zo| sin < 1 .5 mm are applied where 
do (zq) is the impact parameter with respect to the 
event vertex in the transverse (longitudinal) direc- 
tion. The event vertex is required to have at least 
three associated tracks to reject background due to 
cosmic ray muons. The two selected muons are 
further required to have opposite electric charge. 

The muon trigger and reconstruction efficien- 
cies are determined using the high statistics J/y/ 
data sample |19] as a function of pj and rj^. For 
a single muon, the trigger efficiency varies between 
40% and 90% over the relevant /7j and rj^ range 
9J. Using the single muon trigger, this results in an 
average trigger efficiency for the selected dimuon 
events between 80% and 95% in any measurement 
bin. Within the kinematic range considered in this 
measurement, the offline muon reconstruction ef- 
ficiency varies with pj and rj^ between 80% and 
100%. The small gaps in the muon acceptance at 
certain rj regions (mostly at [tjI « and |t7| « 1.3) 
are corrected for as part of the efficiency correction 
assuming the nearly flat rj dependence predicted 
by the simulation, and represent a small fraction 
of the total angular range. The efficiency of the 
pixel and SCT hit requirements has been measured 
using J/\j/ mesons as 99.5 ±0.5% per track, and 
the efficiency of the primary vertex requirement is 
> 99.9%. The zq sin 9 cut efficiency is nearly 100% 
in both data and MC. 

The efficiencies of the transverse impact param- 
eter cut are determined using two independent meth- 
ods. The impact parameter resolution is sensitive to 
the alignment of the ID and to the multiple scatter- 
ing in the ID volume. The former dominates the 
resolution at high pj while the latter dominates at 
low pj. The primary method to determine the res- 
olution uses muons from J/\if decays and fits the 
impact parameter distribution using templates con- 
structed from prompt and non-prompt J/\if MC. 
In order to allow for small deviations of the ob- 
served resolution with respect to the MC, an ad- 
ditional do resolution smearing parameter is intro- 
duced. This smearing parameter is of order 10/im 
due to imperfections in the material description and 
tracker alignment. The efficiency determined with 
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this method agrees well with the simulation and is 
about 99.5% in the central region, decreasing to 
96.5% at the highest rj^^ and lowest pj. The sec- 
ond method uses Z-bosons to determine the impact 
parameter resolution at high pj, and translates it 
to the low pj region using the known dependence 
of the resolution on pj also taking into account 
the uncertainty on the material distribution within 
the ID 12^. The efficiencies measured using the 
J/y/~^ decays are used for the central value, 

and the difference between the two methods is con- 
sidered as a systematic uncertainty on the muon im- 
pact parameter cut efficiency. It is less than 1 % for 

|77^| < 2, and 1.5-2.5% for |tj''| > 2 depending 
u 

on pj. 

The efficiencies are accounted for in the cross- 
section measurement by applying a weight to each 
candidate. The weight is given by the inverse of 
the event selection efficiency, w = 1 /£^fi, which is 
evaluated from the single-muon trigger and recon- 
struction efficiencies as 



where the individual terms are given by 



e,,, = l-(l-e4)(l-£, 



Ing I 



(2) 



(3) 
(4) 



Here e,|,^, and z^^.^^ are the trigger efficiencies 
for a positively and negatively charged muon, re- 
spectively. e+||,^^ i^'cbWtag) and give the 
single muon reconstruction efficiencies for a com- 
bined or tagged or just a tagged muon, respectively, 
for positively (negatively) charged muons. For each 
muon the efficiency is determined as a function of 
Pt, Tj and the electric charge. The final weights 
span the range from about 1.4 at low pr to 1.1 at 
high PT- 



6. Determination of the Number of Y(15) Events 

The number of T(15) events is determined from 
an unbinned maximum likelihood fit to the dimuon 
mass distributions in each bin in pj^ andy'''^ where 
Pt^ (y^^) is the Pt (y) of the dimuon system. The 
distributions and corresponding fit results are shown 
for four representative kinematic bins in Fig. [T] 

The shape of these distributions is rather com- 
plex. The background varies substantially over the 
considered mass range and its shape changes sig- 
nificantly depending on the kinematic bin. At low 
Pj^, the background increases sharply with m^^ 
and is significant in the T(15) mass range. At high 



Pj^, the background is nearly independent of the 
dimuon mass and also relatively low compared to 
the signal. Additionally, the T(15') signal is not 
well separated from the T(25') and T(35'), partic- 
ularly in the forward region (1.2 < \y^^\ < 2.4) , 
due to the limited track momentum resolution 112 ill . 
Resolving the T(25') and T(35') is even more dif- 
ficult, and thus measurements of T{2S) and T(35) 
production are not presented in this letter 

A template based likelihood fit method is em- 
ployed where four parameters are fitted indepen- 
dently in each kinematic bin: the numbers of 
T(15'), T(25') and T(35') mesons, and a background 
normalisation parameter The three T signal tem- 
plates are taken from the corresponding T MC sam- 
ples. The background templates are constructed 
from data by pairing a muon with a track recon- 
structed in the ID of opposite electric charge (OS) 
that passes the ID track selection requirements de- 
scribed in Section|5]and the kinematic requirements 
of Pt > 4- GeV and [t]] < 2.5. This template (de- 
noted as "OS /XH-track") gives an adequate descrip- 
tion of the background since its shape is primar- 
ily determined by the kinematic selection require- 
ments. The T signal contamination in this sample 
is expected to be negligible. 

The fit results for A'yji^j are given in Fig. [T]for 
four kinematic bins. The goodness of fit is assessed 
by a test comparing the data to the template dis- 
tributions using the normalisations determined by 
the likelihood fit to the data. In all bins the prob- 
abihty is > 5%. 

Alternative templates for the shape of the back- 
ground are constructed using dimuon events in bb 
and cc MC or /XH-track events with the same elec- 
tric charge (SS jUH-track). A comparison of these 
alternative background templates shapes is shown 
in Fig. 12] for two representative bins. The shapes 
of the alternative templates are similar to the de- 
fault template at both low and high pT, and any 
differences are considered as part of the systematic 
uncertainty, as discussed in Section|2l 

The momentum resolution is determined from 



cosmic rays, J/y/ and Z mass distributions 12111 and 
the central mass value for the T(15') is fixed to the 
expected value |22]. The validity of fixing the mass 
resolution and the overall mass scale is considered 
as part of the systematic uncertainty, as described 
in Section]?] 

7. Systematic Uncertainties 

The following systematic uncertainties are con- 
sidered: 



4 



> 

J 140 



Data 2010 
Fit result 
r(1S) 

r(2S) 

T(3S) 

Background 




m„„ [GeV] 



(a) 



> 100 

0) 



o 
o 



90 
80 



<& 70 



60 
50 



c 
a> 





o) 40 
§ 30 
20 
10 










2 GeV < p"" < 4 GeV 

1.2<|y'"'|<2.4 
: Ny,is) = 238±30 I 
L z^/ndf = 55.5/53 1 


Data 201 
Fit result = 
r(1S) ^ 

r(2S) : 
T(3S) - 
Background 


: Jldt. 1.13pb"' 1 






: ATLAS J 










J,.., 



10 11 12 13 
m^^, [GeV] 



> 

0) 



o 
o 

CM 

tn 
c 

0) 
"D 
B 



> 

0) 



o 
o 

CM 
OJ 

c 

0) 
"D 
B 

5 



70 
60 
50 
40 
30 
20^ 
10 
0, 



14GeV<p*'^< 
|y-|<1.2 " 
Nyos, = 70±11 
X==/ndf = 36.3/31 



18 GeV 



Data 2010 
Fit Result 
Y(1S) 
Y(2S) 
T(3S) 

Background 




50 
45 
40 
35 
30 
25 
20 
15 
10 
5 
Q 



(b) 

14GeV<p^^<18GeV 
L 1 .2 < |/"^| < 2.4 
Ny„s) = 71±12 

l_ x^/ndf = 37.3/31 

|Lclt=1.13pb' 

ATLAS 



[GeV] 



Data 2010 
- Fit Result 
-Y(1S) 
■T(2S) 

T(3S) 
IBackgrouncf 




(c) 



(d) 



Figure 1 : Dimuon mass distributions for four representative bins in y^^ and . The data (filled circles) ai'e shown together with 
the result of the unbinned maximum likelihood fit (histogram) as explained in the text. The shaded histogram shows the background 
contribution, and the three other histograms show the contributions from the three T states. All histograms are normalised by the 
factor determined in the fit. In the individual plots, the fitted Wyjii) yield with its statistical uncertainty, the and the number of 
degrees of freedom are also given. It should be noted that this is simply a binned graphical representation of the fit; the actual fit is 
unbinned and interpolates the template histograms to obtain the input probability density function. 
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Figure 2: Two examples of the templates used for the description of the dimuon mass dependence of the background are shown. The 
solid histogram shows the opposite-sign (OS) ;tl-l-track, the dashed histogram shows the same-sign (SS) ^-Hrack and the filled circles 
show the histogram derived from dimuon events in open bh and cc MC (heavy flavour MC). The error bars reflect the statistical 
uncertainty on the MC-based template. All histograms ar'e normalised to the same absolute amount of background as determined in 
the fit for each kinematic bin (see also Fig.[T]and Section|6j. 



The luminosity calibration has been determined 
using the van der Meer scan technique |23] with a 
precision of 3.4% i24l l25ll . It directly translates 
into a cross-section uncertainty of 3.4%. 

The uncertainties on the single muon recon- 
struction efficiency, trigger efficiency lfl9ll and im- 
pact parameter resolution (described in Section |5]l 
result in 1%, < 1% and 1-3.5% uncertainties on the 
cross-section measurement, respectively. 

The impact of bin migrations is studied using 

Tf 15) 

MC, considering different shapes of the p-f dis- 
tribution. A systematic uncertainty of 2% is asso- 
ciated with this. 

The uncertainties on the fit model are evaluated 
using pseudo-experiments: 1000 sets of pseudo- 
data are created assuming a Poisson distribution 
corresponding to the prediction of the default tem- 
plate used for the data fits, and these are then fit 
with an alternative model as described below. The 
difference between the mean value of the 1000 
pseudo-experiments and the value from the default 
template is used to assess the systematic effect. 
This method is used in order to avoid the propa- 
gation of statistical uncertainties in the data as part 
of the systematic uncertainty. However, fitting the 
data directly with any of the alternative choices 
gives consistent results. The systematic uncertain- 
ties related to the fit arise from the following con- 
tributions. 

- The uncertainty on the template for the back- 



ground model is assessed by constructing al- 
ternative templates based on the SS /i-i-track 
templates and on dimuon events in open bh 
and cc MC, as described in Section |6] The 
larger of the two differences, as determined 
using the pseudo-experiment technique de- 
scribed above, is taken as the uncertainty. The 
resulting uncertainty on the cross-section is 
typically about 4% but in some bins can be 
as high as 8%. Same-sign dimuon templates 
were also considered but are statistically too 
limited. 

- The uncertainty on the signal model is as- 
sessed by changing from the signal templates 
to Crystal-Ball functions |26]. Here the three 
T states are considered and the differences 
between their mass values is fixed to the PDG 
value 1,221 . Their relative normalisations are 
allowed to float as in the default fit. In addi- 
tion a common scale parameter and the pa- 
rameters that describe the low-mass tail of 
the Crystal-Ball function float freely in the 
fit. The width is constrained to the value 
predicted by smeared MC to match resolu- 
tions measured in data. In the central re- 
gion 

< 1.2) the resulting differ ence 
is typically 1% while in the forward region 
(1.2 < |/('^)| < 2.4) it is about 5-10%, and 
these values are included in the systematic 
uncertainty. The data were also directly fit- 



6 



ted with this alternative model and the result 
was found to be consistent with respect to the 
default fit. 

- Both the overall mass scale and the sepa- 
ration between the three T states are fixed 
in the fit. The position of the reconstructed 
Y(15) mass peak is influenced by the overall 
momentum scale and the energy loss. The 
momentum scale has been determined us- 
ing mesons and Z bosons to better than 
0.2% 112 ill . The energy loss has been eval- 
uated from the variations of the 7/)// and 
A'^" masses |20] in different regions of the 
detector. Evaluated at the world average 
T(15) mass, both effects together allow for 
a mass position uncertainty of 25 MeV. To 
assess the corresponding systematic uncer- 
tainty, pseudo-experiments are used to eval- 
uate the impact of a possible shift in the mass 
scale by 25 MeV on A'y(15). The difference 
to the default fit is found to be less than 1 % 
in most bins but up to 5% in the highest-/?7- 
forward bin. The mass separation is only in- 
fluenced by the momentum scale: consider- 
ing an uncertainty of 0.2% on the mass scale 
results in an uncertainty on the cross-section 
of at most 2% in any bin. 

- The mass resolution is fixed to the value de- 
termined from detailed studies based on 7 / y/s, 
Zs and cosmic rays 1 10]. A systematic uncer- 
tainty is assessed by changing the momen- 
tum resolution by Iff. The resulting system- 
atic uncertainty on the cross-section measure- 
ment is below 3% in all bins. 

All these systematic uncertainties are uncorre- 
cted and added in quadrature to give the total sys- 
tematic uncertainty. It is typically 5% in the central 
and 10% in the forward region. This can be com- 
pared to the statistical uncertainty of about 10% 

Tils) 

(15%) at low pj for the central (forward) region 
and 30% at the highest p]^*''^^ 

The number of T(15) events and the statistical 
and systematic uncertainties for each bin are listed 
in Tabled 



8. Differential T ( 1 5) Cross-Section Measurement 
and Comparison to Theoretical Predictions 

Figure |3] shows the differential T(15') cross- 
section measurement for the central and forward 
regions in 8 bins inpj- covering to 26 GeV for 



Pj > 4 GeV and |t7^| < 2.5 on both muons. The 
results are also listed in Tabled The cross-section 
falls by about a factor of 50 over this pr-range in 
both the central and the forward region. 

Two theoretical predictions for quarkonium 
production are compared to the experimental data 
in Fig. 13 The first is the result of predictions from 
Pythia 8. 1 35 (UtIi using the NRQCD |[ll] frame- 
wor ill This prediction uses the NRQCD matrix 
elements as recommended in Ref. lIlTIl and deter- 
mined from Tevatron data, and a pr and depen- 
dent reweighting of the differential cross-section as 
described in Ref. [28] to prevent a divergence of the 
cross-section at low pj- The CTEQ5L parton dis- 
tribution functions are used [29]. The second pre- 
diction is a next-to-leading-order QCD calculation 
of the T(15') production cross-section in a colour- 
singlet state 1 30] as implemented in MCFM 
which corresponds to the leading contribution in 
the NRQCD expansion (CSM NLO). This predic- 
tion is not available for pj < 4 GeV (pj, < 
6 GeV) in the central (forward) region since the 
perturbative expansion is not under proper control 
and this fixed-order calculation fails to provide a re- 
liable estimate |30]. Note that this prediction does 
not reproduce the differential cross-section mea- 
surements at the Tevatron unless additional higher- 
order terms of ^(ocf ) are considered and the data 
are corrected for feed-down from Xb T7 produc- 
tion (y^ and other excited T states. The renormal- 
isation and factorisation scales for this prediction 

are set to mr = ^ 4m^ + p-^ where nii, = 4.75 GeV 
and pt is the transverse momentum of the T(15). 
These scales are varied by a factor of two to assess 
the sensitivity of the calculation to these parame- 
ters. The CTEQ6M parton distribution functions 
are used for this prediction (y^ . 

The measured differential cross-section has a 
different pr dependence, but its normalization is 
in reasonable overall agreement with the NRQCD 
prediction. In particular, at high (low) p-j- the 
prediction is systematically higher (lower) than the 
data. The cross-section from data is higher than 
the NLO colour-singlet prediction over the entire 
Pt range. Part of the discrepancy can likely be 
accounted for by the fact that this prediction does 
not include any feed-down from higher mass states 



" The following five parameters have been changed from 
the default PYTHIA 8.135 implementation as recommended 
by the PYTHIA authors: PhaseSpace :pTHatMin=l GeV, 
PhaseSpace:pTHatMinDiverge=0.5, SuppressSmallPK 
1., 3, false); Bottonioniuiii:0Upsilon3P08 = 0.02, 
Bottomonium : 0chib03P01=0 . 085. 
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5 
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70 
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17 
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17 
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1.2<|/(i^)|<2.4 
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17 


13 


22 


2-4 
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43.8 


13 


13 


18 


4-6 
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22.9 


18 


9 


20 


6-8 
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23.7 


15 


9 


17 


8-11 


132 


16.2 


14 


7 


16 


11-14 


75 


9.3 


18 


9 


20 


14-18 


71 


6.5 


17 


10 


20 


18-26 


28 


1.3 


29 


15 


33 



Table 1: Measured differential cross-sections for Ti^ production in the fiducial acceptance (pj > 4 GeV, |7]'' | < 2.5 on both muons). 
Also listed are the corrected yields of T(1S) mesons, Njf^igy and the fractional statistical (Sstai), systematic (Ssysi) and total (diot) 
uncertainties. 
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Figure 3: The differential r(lS) cross-section for the < 1.2 (left) and 1.2 < |/('-^'| < 2.4 (right) as function of p]^*'*' for 

p^>4 GeV and I rj'' I < 2.5 on both muons. Also shown is the colour-singlet NLO (CSM) prediction using nir for the renormalisation 
and factorisation scales. The shaded area shows the change in the theoretical prediction when varying the renormalisation and 
factorisation scales by a factor of two. The CSM NLO calculation accounts only for direct production of T(15) mesons and not for 
any feed-down from excited states. The NRQCD prediction as implemented in PYTHIA8 is also shown for a particular choice of 
parameters as discussed in the text. 
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which was estimated to contribute about a factor of 



2 at the Tevatron ||34|] . In Ref. 113211 . it was shown 
that additional higher order corrections increase 
with increasing pj (they contribute about a factor 
of 10 at high pj), and are required to describe the 
Tevatron data. This is qualitatively consistent with 
the discrepancies observed between the data pre- 
sented here and the NLO prediction. Whether or 
not these data can be consistently understood to- 
gether with the data from previous collider experi- 
ments within a consistent theoretical framework re- 
mains to be seen. 

The data are not compared directly to previous 
measurements iiii since in the present analysis 
no correction is made for the pj and cuts in 
order to avoid the need for any assumption on the 
spin alignment of the T(15). 

9. Conclusions 

A measurement of the differential production 
cross-section of T(15) mesons decaying into two 
muons measured in the fiducial region with pj > 
4 GeV and j?]''! < 2.5 has been presented as func- 
tion of p^{lS) and The typical uncertainty 

Tf 15) 

of the measurement is about 10-15% at low p-f 

Tf 15) 

and 35% at high pj and is dominated by the sta- 
tistical precision of the data. Due to the restriction 
to > 4 GeV and < 2.5, the measurement is 
almost independent of any assumption on the spin 
alignment of the T(15'). 

The data significantly exceed the NLO predic- 
tion but this may well be explained due to con- 
tributions from higher mass bound states and by 
the need for additional higher order corrections to 
T(15) production. In contrast, the data are in rea- 
sonable agreement with the NRQCD prediction as 
implemented in PythiaS but differences in the 
shape of the pr spectrum of about a factor of two 
are observed. The data presented here will be use- 
ful to further understand the complex mechanisms 
that govern quarkonium production. 

10. Acknowledgements 

We thank CERN for the very successful opera- 
tion of the LHC, as well as the support staff from 
our institutions without whom ATLAS could not be 
operated efficiently. We also wish to thank Pierre 
Artoisenet, John Campbell and Torbjorn Sjostrand 
for their help with the theoretical predictions. 

We acknowledge the support of ANPCyT, 
Argentina; YerPhI, Armenia; ARC, Australia; 



BMWF, Austi-ia; ANAS, Azerbaijan; SSTC, Be- 
larus; CNPq and FAPESP Brazil; NSERC, NRC 
and CFI, Canada; CERN; CONICYT, Chile; 
CAS, MOST and NSFC, China; COLCIEN- 
CIAS, Colombia; MSMT CR, MPO CR and 
VSC CR, Czech Republic; DNRF, DNSRC and 
Lundbeck Foundation, Denmark; ARTEMIS, Eu- 
ropean Union; IN2P3-CNRS, CEA-DSM/IRFU, 
France; GNAS, Georgia; BMBF DFG, HGF, MPG 
and AvH Foundation, Germany; GSRT, Greece; 
ISF, MINERVA, GIF, DIP and Benoziyo Cen- 
ter, Israel; INFN, Italy; MEXT and JSPS, Japan; 
CNRST, Morocco; FOM and NWO, Netherlands; 
RCN, Norway; MNiSW, Poland; GRICES and 
FCT, Portugal; MERYS (MECTS), Romania; MES 
of Russia and ROSATOM, Russian Federation; 
JINR; MSTD, Serbia; MSSR, Slovakia; ARRS 
and MVZT, Slovenia; DST/NRF, South Africa; 
MICINN, Spain; SRC and Wallenberg Founda- 
tion, Sweden; SER, SNSF and Cantons of Bern 
and Geneva, Switzerland; NSC, Taiwan; TALK, 
Turkey; STFC, the Royal Society and Leverhulme 
Trust, United Kingdom; DOE and NSF, United 
States of America. 

The crucial computing support from all WLCG 
partners is acknowledged gratefully, in particular 
from CERN and the ATLAS Tier-1 facilities at 
TRIUMF (Canada), NDGF (Denmark, Norway, 
Sweden), CC-IN2P3 (France), KIT/GridKA (Ger- 
many), INFN-CNAF (Italy), NL-Tl (Netherlands), 
PIC (Spain), ASGC (Taiwan), RAL (UK) and BNL 
(USA) and in the Tier-2 facilities worldwide. 

References 

[1] J. J. Aubert et al, Phys. Rev. Lett. 33 (1974) 1404-1406; 
J.-E. Augustin etal, Phys. Rev. Lett. 33 (1974) 1406. 

[2] D.C. Horn et al, Phys. Rev. Lett. 39 (1977) 252. 

[3] N. Brambilla et al, Eur. Phys. J. C 71 (201 1) 1. 

[4] D. E. Acosta et al [CDF Collaboration], Phys. Rev. Lett. 
88 (2002) 161802 and CDF Public Note 9966. 

[5] V. M. Abazov et al [DO Collaboration], Phys. Rev. Lett. 
94 (2005) 232001; V. M. Abazov et al [DO Collabora- 
tion], Phys. Rev. Lett. 101 (2008) 182004. 

[6] The CMS Collaboration, arXiv: 1012.5545 [hep-ex]. 

[7] The ATLAS Collaboration, arXiv: 1104.3038 
[hep-ex] , accepted by Nucl. Phys. B. 

[8] The ATLAS Collaboration, JINST 3 (2008) S08003. 

[9] The ATLAS Collaboration, Performance of the ATLAS 
Trigger System in 2010, CERN-PH-EP-2011-078, to be 
published. 

[10] The ATL AS Collaboration, ATLAS -CONF-2010- 
064, http://cdsweb.cem.ch/record/1281339 

[11] T. Sjostrand, S. Mrenna, P Skands, JHEP 05 (2006) 026. 

[12] The ATLAS Collaboration, ATL-PHYS-PUB-2010-002. 

[13] A. D. Martin, W. J. Stirling, R. S. Thorne and G. Watt, 
Eur. Phys. J. C 63 (2009) 189. 

[14] The ATLAS Collaboration, Eur. Phys. J. C 70 (2010) 823. 



9 



[15] S. Agostinelli et al. GEANT4 Collaboration, GEANT4: 
A simulation toolkit, Nucl. Instr. Meth. A506 (2003) 
250303. 

[16] G. T. Bodwin, E. Braaten and G. P. Lepage, Phys. Rev. 

D 51 (1995) 1125. 
[17] P. Nason et al, arXiv : 0003142 [hep-ph] . 
[18] R Golonka and Z. Was, Eur. Phys. J. C45 (2006) 97. 
[19] The ATLAS Collaboration, ATLAS-CONF-201 1- 

021, http://cdsweb.cem.ch/record/1336750 
[20] The ATLAS Collaboration, New J. Phys. 13 (2011) 

053033. 

[21] The ATLAS Collaboration, ATLAS-CONF-2010- 

078, http://cdsweb.cem.ch/record/128 1 369 
[22] K. Nakamura et al. (Particle Data Group), J. Phys. G 37 

(2010) 075021. 
[23] S. vanderMeer, CERN-lSR-PO-68-31, 1968. 
[24] The ATLAS Collaboration, ATLAS-CONF-201 1- 

011, http://cdsweb.cem.ch/record/1334563 
[25] The ATLAS Collaboration, Eur. Phys. J. C 71 (2011) 

1630. 

[26] M.J. Oreglia, Ph.D Thesis, SLAC-R-236 (1980); J.E. 

Gaiser, Ph.D Thesis, SLAC-R-255 (1982); T. Skwamicki, 

Ph.D Thesis, DESY F31-86-02 (1986). 
[27] PYTHIA version 8.135; T. Sjostrand, S. Mrenna, P 

Skands, Comput. Phys. Commun. 178 (2008) 852-867. 
[28] A.C. Kraan, arXiv : 0807 . 2 123 [hep-ex] . 
[29] H.L. Lai et al. (CTEQ Collaboration), Eur. Phys. J. C 12 

(2000) 375. 

[30] J. Campbell, F. Maltoni, F. Tramontano, Phys. Rev. Lett 98 
(2007) 252002. 

[31] J. M. Campbell and R. K. Ellis, Nucl. Phys. Proc. 

Suppl. 205-206 (2010) 10; and MCFM home page, 

http://mcfm.fnal.gov. 
[32] P Artoisenet et al, Phys. Rev. Lett. 101 (2008) 152001. 
[33] J. Pumplin, D.R. Stump, J. Huston, H.L. Lai, Pavel M. 

Nadolsky and W.K. Tung, JHEP 0207 (2002) 012. 
[34] A. Affolder et al. [CDF Collaboration], Phys. Rev. Lett. 

84 (2000) 2094. 



10 



The ATLAS Collaboration 



G. Aad'^^ B. Abbott"!, J. AbdaUahi\ A.A. Abdelalim^^, A. Abdesselam"^ O. Abdinoyi", B. Abi"2, 
M. Abolins^^ H. Abramowicz^^^^ H. Abreu^^^ E. Acerbi^^^'^^'', B.S. Acharyai^^-i^'^'', D.L. Adams^^, 
T.N. Addy^^, J. Adelman^", M. Aderholz'^'*, S. Adomeit'^^ P. Adragna^^ T. Adye'^Q^ g Aefsky^^, 
J.A. Aguilar-Saavedrai^^b.^, m. Aharrouche^\ S.P. Ahlen^i, F. Ahles^^ A. Ahmadi'^^ M. Ahsan^o, 
G. Aielli"'^'!'^'', T. Akdogan'^^ T.P.A. kesson"^^, G. Akimoto^^^ A.V. Akimov A. Akiyama^"^, 
M.S. Alam', M.A. Alam''^, S. Albrand^^, M. Aleksa^^, I.N. Aleksandrov^^ F. Alessandria^'^'', 
C. Alexa25^ G. Alexander^^^ G. Alexandre'*^ T. Alexopoulos^, M. Alhroob^o, M. Aliev'^ 
G. Alimonti*9^ J. AUsoni^O, M. Aliyev'", P.P. Allport'^ S.E. AUwood-Spiers^^ J. Almond*^^ 
A. Aloisio'02a,i02b^ R Alon"\ A. Alonso™, M.G. Alviggii''2a,i02b^ Amako*'^ P Amaral^^ 

C. Amelung^-^, V.V. Ammosov^^^, A. Amorim^^"*^'*, G. Amoros'^', N. Amram^^^, C. Anastopoulos^^, 
N. Andari"^ T. Andeen^^, C.R Anders^", K.J. Anderson^", A. Andreazza*^^'*''', V. Andrei5^^ 

M-L. Andrieux^^, X.S. Anduaga^", A. Angerami^**, F. Anghinolfi^^, N. Anjos'^'*", A. Annovi**^, 
A. Antonaki^ M. AntoneUi"*^, A. Antonov^^, J. Antos''*'*'', F. AnuUi^^^^, S. Aoun^^ L. Aperio Bella'*, 
R. Apolle"*'^ G. Arabidze*^ I. Aracena^'^^ Y. Arai^^, A.T.H. Arce'*^, J.P. Archambault^^ S. ArfaouP^-'', 
J-F. Arguin'"^, E. Arik'^'' *, M. Arik'^'', A.J. Armbruster^^, O. Arnaez^^ C. Arnault''^, A. Artamonov^^, 
G. Artoni"2a.i32b ^ Amtinov^", S. Asai'^^ R. Asfaiidiyarov"^ s. Ask^^, B. smani46a,i46b^ l Asquith^ 
K. Assamagan^"^, A. Astbury'^^, A. Astvatsatourov^^, G. Atoian^^^, B. Aubert^, B. Auerbach^'^, 

E. Auge*'^, K. Augsten'2^, M. Aurousseau''*^'', N. Austin''^, R. Avramidou^, D. Axen"'^, C. Ay^"*, 

G. Azuelos^3,e^ Y. Azumai^^ M.A. Baak^^, G. BaccagUom^^^ C. Baccii3'*^''34b^ ^ ^ Bach^'^, 

H. Bachacou"^, K. Bachas^^, G. Bachy^^ M. Backes'^^, M. Backhaus^", E. Badescu2^^ 

P Bagnaia"2a,i32b^ 5 Bahinipati^, Y. Bai^^a^ ^ Bailey^^^ T. Bain^^^, J.T. Baines'29^ q Baker'^^ 

M.D. Baker^"*, S. Baker^^, F. Baltasar Dos Santos Pedrosa'^^, E. Banas^^, P. Banerjee^^, Sw. Banerjee'^^, 

D. Banfi29, A. Bangert""^, V. Bansal^^^, H.S. Bansili"^, L. Barak^'^i, S.R Baranov^"*, A. Barashkou^^ 
A. Barbara Galtieri''*, T. Barber^^, E.L. Barberio**^, D. Barberis^''^'-^'"', M. Barbero^", D.Y Bardin^^, 
T. Barillari''^ M. Barisonzi"'^, T. Barklow^^^^ N. Barlow^^, B.M. Barnett'2^ R.M. Barnett'^^ 

A. BaroncelU'^^*, G. Barone"*^, A.J. Barr"^, F. Barreiro*", J. Barreiro Guimaraes da Costa^', 

R Barrillon'i^, R. Bartoldus''*^ A.E. Barton''', D. Bartsch^o, V. Bartsch"''^, R.L. Bates5^ L. Batkova^'*'**, 

J.R. Batley^^, A. Battaglia'^, M. Battistin^^, G. Battistoni^^^ F Bauer'^e^ jj § Bawa''*^'^, B. Beare*^^ 

T. Beau''*, P.H. Beauchemin"*, R. Beccherle^"", R Bechtle"*', H.R Beck^^, M. Beckingham'*^ 

K.H. Becks""*, A.J. Beddalll**^ A. Beddalll*^^ S. Bedikian"^ V.A. Bednyakov'^^ C.R Bee*^^ M. Begel^^, 

S. Behar Harpazi52, rk. Behera<'^ M. Beimforde^'', C. Belanger-Champagne*^ RJ. Bell'*^ W.H. Bell'*^ 

G. Bella^^^ L. Bellagambal^^ F Bellina^^, M. Bellomo"^^ A. Belloni", O. Beloborodovai"^, 

K. Belotskiy^*', O. Beltramello^'^, S. Ben Ami'52, o. Benary'5^ D. Benchekroun'^5'\ C. Benchouk**^ 

M. Bendel^\ B.H. Benedict'^^, N. Benekos*^^ Y. Benhammou*^^ D.R Benjamin"*"*, M. Benoit**^ 

J.R. Bensinger^^, K. Benslama^^", S. Bentvelsen^*'^, D. Berge^^, E. Bergeaas Kuutmann"**, N. Berger"*, 

F. Berghaus"'^, E. Berglund"*^, J. Beringer*"*, K. Bernardet**^, P. Bernat^^, R. Bernhard"*^, C. Bernius'^'*, 
T. Berry^^, A. Bertin*'^" *'^'', F Bertinelli2^ F Bertolucci*^^'''*^^'', M.l. Besana*'^''-*'^'', N. Besson"^, 

S. Bethke^^, W. Bhimji"*5, R.M. Bianchi^^, M. Bianco^2a,72b^ q Biebel^^ S.R Bieniek''^ J. Biesiada*"*, 

M. Biglietti""*'' 134'', H. Bilokon"*^, M. Bindi*'^'' i'^'', S. Binet**^ A. Bingul**^ C. Bini'32a.i32b 

C. Biscarat*", U. Bitenc"**, K.M. Black^*, R.E. Blair^, J.-B. Blaiichard"^ G. Blanchot^^ T. Blazeki44a^ 

C. Blocker22, J. Blocki^*, A. Blondel"*^, W. Blum**, U. Blumenschein^"*, G.J. Bobbink'^^, 
V.B. Bobrovnikov'"^, S.S. Bocchetta™, A. Bocci"*"*, C.R. Boddy"^ M. Boehler"*', J. Boek'^"*, 
N. Boelaert^^ S. Boser", J.A. Bogaerts^^ A. Bogdanchikov*'^^ A. Bogouch'^'^ *, C. Bohm'^Sa^ 
V. Boisvert''^, T. Bold*^^'*, V. Boldea^^^ N.M. Bolnet*^^, M. Bona''^ V.G. Bondarenko^^, 

M. Boonekamp"*', G. Boorman''^, C.N. Booth'^'', S. Bordoni''^ C. Borer*^, A. Borisov'^^, G. Borissov''', 

I. Borjanovic*2^ S. Borroni"2a,i32b^ ^ Bos'°^ D. Boscherini*^", M. Bosman**, H. Boterenbrood*^^ 

D. Botterill*^^, J. Bouchami^^ J. Boudreau^^^, E.V. Bouhova-Thacker''*, C. Boulahouache*^^ 
C. Bourdarios*'^ N. Bousson^^ A. Boveia^", J. Boyd^**, l.R. Boyko^^, N.l. Bozhko'^^, 

I. Bozovic-Jelisavcic*'^'', J. Bracinik*^, A. Braem^^, P. Branchini'^"*", G.W. Brandenburg^^, A. Brandt^, 

G. Brandt*^ O. Brandt^"*, U. Bratzler'^e, b. Brau*"*, J.E. Brau*'"*, H.M. Braun*^"*, B. BreUer'^s, 
J. Bremer^*^, R. Brenner'*'^, S. Bressler'^^^ ^ Breton* *^ D. Britton5^ FM. Brochu^^, 1. Brock^^, 
R. Brock^*, T.J. Brodbeck^*, E. Brodet*^^, F. Broggi^^^, C. Bromberg^*, G. Brooijuians^"*, 

11 



W.K. Brooks'!'', G. Brown^^ ^ Brown'', P.A. Bruckman de Renstrom'^ D. Bruncko''''*'', 

R. Bruneliere''^ S. Brunei*'', A. Bruni'^^ G. Bruni''^^ M. Braschi''*% T. Buanes'^ F. Bucci'''^, 

J. Buchanan"^ N.J. Buchanan^, R Buchholz'^i, R.M. Buckingham"^ A.G. Buckley^^, S.I. Buda^^", 

I.A. Budagov*'^, B. Budick'"^, V. Biischer*', L. Bugge'", D. Buira-Clark"*, O. Bulekov^^, M. Bunse''^, 

T. Buran"^, H. Burckhart^*^, S. Burdin^^ T. Burgess'^ S. Burke'^^, E. Busato^', R Bussey^', 

C.R Buszello'^*', F. Butin^^, B. Butler'43, J.M. Butler^', CM. Buttar5^ J.M. Butterworth'^'', 

W. Buttinger^^, T. Byatt", S. Cabrera Urban'^'^, D. Caforio'^^''^'', O. CskiP\ R Calafiura''', 

G. Calderini^^ R Calfayan^^ R. Calkins "'^ L.R Caloba23^ R. Caloi'32a,i32b^ Calvet^', S. Calvet'^ 

R. Camacho Toro^', R Camarri'33a,i33b^ Cambiaghi"5'''"''b^ q Cameron"^, S. Campana^^, 

M. Campanelli'''', V. Canale'O^a.ioib^ p Canelli'^, A. Canepa'5^^ J. Cantero^^, L. Capasso'^^^-'O^b, 

M.D.M. Capeans Garrido^^, I. Caprini^^a, M. Caprini^^'', D. Capriotti''^, M. Capua'^^'^^'', R. Caputo''**, 

C. Caramarcu25\ R. CardarelU''3% T. CarU^?, q. Carlino'^^a^ l. Carminati^''^'^'"', B. Caron'^^a^ 

S. Caron'*^ G.D. Carrillo Montoya'^^^ A.A. Carter''^ J.R. Carter^'', J. Carvalho^a.'', D. Casadei'0^ 

M.R Casado", M. Cascella'22a,i22b^ q Caso^"''''^'"' *, A.M. Castaneda Hernandez'^^ 

E. Castaneda-Miranda"^, V. Castillo Gimenez'''^ N.R Castro'2''% G. Cataldi^^a^ p Catalleo2^ 

A. Catinaccio^^, J.R. Catmore'^', A. Cattai^^, G. Cattanii33a,i33b^ § Caughron^^ D. Cauz'64a,i64c^ 

R Cavalleri'^^ D. Cavalli*^''^ M. Cavalli-Sforza", V. Cavasinnii22a:i22b^ p Ceradinii34a.i34b^ 

A.S. Cerqueira23a, A. Cerri^^ L. Cerrito^^ R Cerutti'*\ S.A. Cetin'^'', R Ceveninii''2a,i02b^ ^ Chafaql35^ 

D. Chakraborty""', K. Chan^, B. Chapleau^^ J.D. Chapman^'', J.W. Chapman^'', E. Chareyre^^ 

D.G. Charlton'^, V. Chavda^^^ q Chavez Barajas^^, S. Cheatham^^ S. Chekanov^, S.V. Chekulaev'^^^ 
G.A. Chelkov*^^ M.A. Chelstowska'^^^ q Chen^, H. Chen^^, S. Chen32'=, T. Chen32'=, X. Chen"^^ 
S. Cheng^^a ^ Cheplakov^^, V.F. Chepurnov*'^ R. CherkaouiEl MoursU^'^^, V. Chemyatin^, E. Cheu^, 
S.L. Cheung'5^ L. Chevalier'^'^, G. Chiefari'''^^''''^'', L. Chikovani^', J.T. Childers5^% A. ChiHngarov^', 
G. Chiodini^^a^ y. Chizhov^^ G. Choudalakis^o, S. Chouridou'^^ I.A. Christidi", A. Christov'^^ 

D. Chromek-Burckhart^^^ y^j^ Chu^^\ J. Chudoba^^^, G. Ciapetti^^^'i'^b k. Ciba^'^, A.K. Ciftci3^ 
R. Ciftci3% D. Cinca3^ V. Cindro^'^, M.D. Ciobotarui*^^ C. Ciocca'^'''''''', A. Ciocio'^^, M. CirilU^'^, 
M. Ciubancan^Sa, A. Clark^^, RJ. Clark'^^, w. Cleland'^^^ J.C. Clemens^^ B. Clement^^ 

C. Clementi46a,i46b^ r cmt^^^, Y. Coadou*^ M. Cobali^4a,i64c^ ^ Coccaro50^'5°^ J. Cochran^^^ 
R Coe''^ J.G. Cogan"^^ J. Coggeshall'^^, E. Cogneras"^, CD. Cojocaru^^ J. Colas'*, A.R Colijnio^, 

C. Collard"^ N.J. Collins^'', C. Collins-Tooth53, J. CoUot^^ G. Colon^"*, R Conde Muino'24a^ 

E. Coniavitisii^ M.C Conidi", M. Consonnii""*, V. Consorti'*^ S. Constanti^escu25^ C. Conta^^^-ii^'', 

F. Conventi'^^a,'^ j Cook^'^, M. Cooke'"*, B.D. Cooper^^, A.M. Cooper- Sarkar**^ N.J. Cooper-Smith^^, 
K. Copic^"*, T. Cornehssen^O'^'^O'', M. Corradi*^^, F. Corriveau^^'-', A. Cortes-Gonzalez'^^, G. Cortiana^^, 

G. Costa*^^, M.J. Costa'^'^, D. Costanzo'^^, T. Costin^", D. Cote^^, R. Coura Torres23a, L. Courneyea'^^, 
G. Cowan^*', C. Cowden^^, B.E. Cox**^, K. Cranmer'"^ E Cresciolii22a.i22b^ Cristinziani^", 

G. Crosetti^*'^'^'^'', R. Crupi^^^'-^^b^ § Crepe-Renaudin^^ C.-M. Cuciuc25^ C. Cuenca Almenar"^ 

T. Cuhadar Donszelmann'^^, S. Cuneo^"'''^*"', M. Curatolo'*'', C.J. Curtis", R Cwetanski^', H. Czirr'"*', 
Z. Czyczula"^ S. D'Auria53, M. D'Onofrio", A. D'Orazio'32a,i32b^ py j^ ^ia Silwa^^\ C. Da Via*^^ 
W. Dabrowski^^ T. Dai^^ C. Dallapiccola^'*, M. Dam^^ M. Dameri^'''''^*, D.S. Damiani'^^ 

H. O. Danielsson29, D. Dannheim^^ y j)ao'^9 q Darbo^"^, G.L. Darlea^^'', C. Daum'^^ 
J.R Dauvergne W. Davey**^, T. Davidek'^^, N. Davidson*^'', R. Davidson^', E. Davies"^ ^ 

M. Davies^^ A.R. Davison^^, Y. Davygora^^'', E. Dawe''*^, I. Dawson'^^, J.W. Dawson^-*, R.K. Daya^'', 

K. De'^, R. de Asmundis'^^a, s. De Castro i^^''^*', RE. De Castro Faria Salgado^^, S. De Cecco■'^ 

J. de Graat'*^ N. De Groot'""*, R de Jong'^^ C. De La Taille"^ H. De la Torre*^", B. De Lotto i^^'-'^'*'', 

L. De Mora^', L. De Nooij'°^ M. De Oliveira Branco^^, D. De Pedis'^^^, R de Saintignon^^, 

A. De Salvo"2^ U. De Sanctisi^^'i^"*", A. De Santo'"*^, J.B. De Vivie De Regie"^ S. Dean'^'^, 

D. V. Dedovich*'^, J. Degenhardt'^", M. Dehchar"^ M. Deile'^^ C. Del Papai«4a.i64c^ j p^j peso**", 
T. Del Prete*22a.i22b^ Dehyergiyev^"*, A. DelFAcqua^^ L. DeU'Asta*^"'*^'', M. Delia Pietra'^^a,,^ 
D. della Volpeio^^-i''^'', M. Dehnastro^^, R Delpierre^^ N. Dekuelle^^, RA. Delsart5^ C. Deluca^''^ 
S. Demers"^, M. Demichev^^, B. Demirkoz'' J. Deng'^^, S.R Denisov'^^, D. Derendarz^^, 

J.E. Derkaoui'^^'*, F. Derue^^ P. Dervan^^, K. Desch^o, E. Devetak''*^ RO. Deviveiros'^^ 

A. Dewhursti29, B. DeWilde^''^ S. Dhaliwali^^ R. DhuUipudi^'*'', A. Di Ciaccioi^^'^'"^'', L. Di Ciaccio"*, 

A. Di Girolamo^^, B. Di Girolamo^^, S. Di Luise"4aa34b^ ^ p,j ]V[attia**^ B. Di Micco^^ 

R. Di Nardoi33a,i33b^ ^ p,j 3jjjjQjjgi33a,i33b^ R p,j sjpjoi9a,i9b^ ^ Biaz^^^ R Diblenl^^ E.B. DiehF, 
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J. Dietrich^i, T.A. Dietzsch58^ S. Diglio^i^ K. Dindar Yagci^^, J. Dingfelder^^, C. Dionisi^^^-i^^b^ 

P. Dita^Sa, S. Dita^s^ R Dittus^'', F. Djama^^ T. Djobava^', M.A.B. do Vale^^^ A. Do Valle Wemans^^^a, 

T.K.O. Doan^, M. Dobbs^^ R. Dobinson *, D. Dobos'^^^ Dobson^^, M. Dobsoni^^ J. Dodd^'^, 

C. Doglioni^i^ T. Doherty^^ Y. Doi^^'*, J. Dolajsi^^e, i. Dolenc^'*, Z. Dolezali^^, B.A. Dolgoshein^e.*, 
T. Dohmae'55, M. Donadelli^^b, M. Donega'^o, J. Donini^^ J. Dopke^'^, A. Doria'^^a^ A. Dos Anjos"^^ 
M. Dosil'i, A. Dotti^22a,i22b^ ]y[ J Dova™, J.D. DoweU", A.D. Doxiadis'O^ A.T. Doyle^^ Z. Drasal'^e^ 
J. Drees^'^'*, N. Dressnandt^^", H. Drevermann^^, C. Driouichi^^, M. Dris^, J. Dubbert^^, T. Dubbs^^'', 

S. Dube'"*, E. Duchovni'^', G. Duckeck^^ A. Dudarev^^, F. Dudziak^"*, M. Duhrssen l.R Duerdoth^^^ 

L. Dufloti'^ M-A. Dufour^^ M. Dunford^^ H. Duran Yildiz^b, R. Duxfield'39^ Dwuznik", 

F. Dydak D. Dzahini^^, M. Duren^^, W.L. Ebenstein"^, J. Ebke^^ S. Eckert'^^ S. Eckweiler^i, 

K. Edmonds^i, C.A. Edwards™, N.C. Edwards^^ W. Ehrenfeld^i, T. Ehrich'^^ T. Eifert^^ G. Eigen", 

K. Einsweileri4, E. Eisenhaiidler''5, T. Ekelofi^^, M. El Kacimi'^^c Ellerti*''^, S. Files'^, 

R EUinghaus**!, K. EUis^^ N. EUis^^, J. Elmsheuser^^, M. Elsing^'', R. Ely'^, D. Emeliyanoyi^?, 

R. Engelmann A. Engl^^, B. Epp^^, A. Eppig^^, J. Erdmann^'*, A. Ereditato"', D. Eriksson 

J. Emst\ M. Ernst^'^, J. Ernwein'^^, D. Errede^''^ S. Errede'^^, E. Ertel^\ M. Escalier"^, C. Escobar^*''', 

X. Espinal Curall^\ B. Esposito^^, R Etienne^^, A.I. Etienvre^-'^, E. Etzion^^^, D. Evangelakou^'*, 

H. Evans*^!, L. Fabbri!'^''''!'"', C. Fabre^^ R.M. Fakhmtdinov'^S, S. Falciano'^^a^ y. Fang'^^^ 

M. Ranti^^"'^^'', A. Rarbin^, A. Rarilla J. Rarley''^^ T. Rarooquei^*, S.M. Rarrington'^^ R Rarthouat^^, 
R RassnachP, D. RassouUotis^ B. Ratholahzadehi^*, A. Ravareto^^'''^^'', L. Rayard'^^ S. Razio^^'''^^'', 
R. Rebbraro^^ R Federic"*'*'\ O.L. Fedin^^i^ Fedorko^^ M. Fehling-Kaschek'*^ L. Feligioni^^ 

D. Rellmann^ C.U. Pelzmann**', C. Reng^^d^ g j peng^O, A.B. Renyuk^^^, J. Rerencei''^'*'', J. Rerland''^, 
W. Remando^^^, S. Rerrag^^, J. Rerrando^^, V. Rerrara^\ A. Rerrari^^*, R Rerrari^"^, R. Rerrari^^^'', 

A. Ferrer^^^, M.L. Ferrer'*^ D. Ferrere'*^, C. Ferretti**'^, A. Ferretto Parodi^"''''^'"', M. Fiascaris^", 
R Riedler^i, A. Rilipcic^'^, A. Rilippas'', R Rilthaut'O'^, M. Rincke-Keeleri''^, M.C.N. Piolhais'^^a,/!, 
L. Riorinii^^ A. Riran^^, G. Rischer^^i, R Rischer ^o, M.J. Risheri^^, S.M. Risheri^s, m. Rlechl'*^ 

I. Rleck''^^ J. Rleckner^\ P Pleischmann"^ S. Fleischmann'^"^, T. Flick'^'^, L.R. Flores Castillo'''^, 
M.J. Rlowerdew^^, R. Rohlisch^^", M. Rokitis^, T. Ronseca Martin^*', D.A. Rorbush"^ A. Rormicai^*, 
A. Rorti^^, D. Rortini^^", J.M. Roster^^, D. Roumier"^, A. RoussaP, A.J. Rowler'*'*, K. Rowleri^'^, 

H. Rox^\ R Rrancavillai22a.i22b^ g Pranchinoi''^''''"'^'', D. Prancis^^ T. Rrank'^', M. Rranklin^^, 

S. Rranz29, M. RraternaU'i'^'''"^'', S. Rratina'^O^ ^ j Rrench^^, R. Rroeschl^^, D. Rroidevaux^^, 

J.A. Rrost^'^, C. Rukunaga^^^, E. RuUana Torregrosa^^, J. Ruster^^^ C. Gabaldon^^, O. Gabizoni'^\ 

T. Gadfort24, S. Gadomski^^ G. Gagliardi^"'' ^Ob^ p Gagnon*^', C. Galea'^^ E.J. Gallasll^ M.V. Gallas^^, 

V. Gallo'^ B.J. Gallopi29, R Gallus^^s, R. Galyaev'^o, K.K. Gan^o^ YS. Gao^'^^^f, V.A. Gapienko'^s^ 

A. Gaponenko^'*, R. Garberson^^^, M. Garcia-Sciveres^"*, C. Garcia^^^, J.E. Garcia Navarro'*^, 

R.W. Gardner^", N. Garelli^'^, H. Garitaonandia"'^, V. Garonne^'^, J. Garvey'^, C. Gatti"*^, G. Gaudiol'^^ 
O. Gaumer49, B. Gaur^^i, L. Gauthier'^e, i.L. Gavrilenko'^^ C. Gay^^*, G. Gaycken^o, J-C. Gayde^^ 

E. N. Gazis^, R Ge^^'', C.N.R Gee^^^, D.A.A. Geerts^^^ Ch. Geich-Gimbel^o, K. Gellerstedti'*^'''!'*^'', 

C. Gemme5'''\ A. Gemmell", M.H. Genest''^ S. Gentilei32a,i32b^ George^^^ 5 George™, 
R Gerlach"^^ A. Gershoni", C. Geweniger5'^^ H. Ghazlane^^b, R Ghez^ N. Ghodbane^^ 

B. Giacobbel9^ S. Giagu"2a,i32b y. Giakoumopoulou^ V. Giaiigiobbei22a,i22b^ p GianottP, 
B. Gibbard24, A. Gibson'5^ S.M. Gibson^^, L.M. Gilbert' l^ M. Gilchriese''^, V. Gilewsky^i, 

D. Gillberg28, A.R. Gillmani^^, D.M. Gingrich^-^ J. Ginzburgi53, N. Giokaris^ R. Giordaiioi'*2a,i02b^ 
RM. Giorgii^, R Giovannini^^ pp Giraud"^, D. Giugni^^a Giuntai32a,i32b^ p Giustil^^ 

B.K. Gjelsten'", L.K. Gladilin''^ C. Glasman**", J. Glatzer^^ A. Glazov^', K.W. Glitza^'^^^ g.L. Glonti^^^ 

J. Godfreyi'^^, j. Godlewski^^, M. Goebel^', T. Gopfert^^, C. Goeringer^i, C. GossUng42, T. Gottfert'^^ 

S. Goldfarb^"^, D. Goldin^^ T. GoUingi^^ S.N. Golovniai^s, A. Gomes i^^a,*-, l.S. Gomez Raj ardo^^i, 

R. Gonfalo^^, J. Goncalves Pinto Pirmino Da Costa^', L. Gonella^", A. Gonidec^^, S. Gonzalez'^^, 

S. Gonzalez de la Hoz'*'^, M.L. Gonzalez Silva™, S. Gonzalez-Sevilla'*^ J.J. Goodson''^^ L. Goossens^^ 

RA. Gorbounov^^, H.A. Gordon^^, L Gorelovi''^ G. Gorfinei^"*, B. GorinP, R. Gorini'^2a,72b^ 

A. Gorisek^"*, E. Gornicki^^ S.A. Gorokhov'^**, V.N. Goryachev'^s, B. Gosdzik'^', M. Gosselink"'^ 

M.I. Gostkin''^ M. Gouanere'^, I. Gough Eschrich^''^ M. Gouighri'^^a^ Goujdami'^^^ M.R Goulette"*^, 

A.G. Goussiou"8, C. Goy"*, I. Grabowska-Boldi^^,^^ y. Grabski'™, R Grafstrom^^, C. Grah""^ 

K-J. Grahn'^', P. Grancagnolo''2a, S. Grancagnolo'^, V. Grassi"^^ V. Gratchev'^i, N. Grau^"*, 

H.M. Gray2^ J.A. Gray''^^ E. Graziani"'^^ O.G. Grebenyuk'^i, D. Greenfield'^^, T. Greenshaw^^ 
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Z.D. Greenwood24.', I.M. Gregor^i, P. Grenieri^a, J. Qriffithsi^S, N. Grigalashvili^^ A.A. Grillo"'', 

S. Grinstein^', Y.V. Grishkevich^', J.-F. Grivaz"^, J. Grognuz^^, M. Groh'^'^, E. Gross'^', 

J. Grosse-Knetter^^, J. Groth-Jensen"\ K. Gr/hcl^'^\ V.J. Guarino^ D. Guest"^ C. Guicheney^^ 

A. Guida^2a,72b^ Guillemin'*, S. Guindon^^, H. Guler^^.m j Cuntheri^s, b. Guo^^^ J. Guo^*, 

A. Gupta^°, Y. Gusakov*'^ V.N. Gushchin^^s^ ^ Gutie^•ez'^^ P. Gutierrez'^', N. Guttman'^^ 

O. Gutzwiller"^ C. Guyoti^^, C. Gwenlan^i^ C.B. GwUUam^^ A. Haas^^^^, s. Haas^'', C. Haber^^, 

R. Hackenburg24, H.K. Hadavand^^, D.R. Hadley", P Haefner^^, F. Hahn^^, S. Haider^^, Z. Hajduk^^ 

H. Hakobyan"^ J. Haller^"*^ ^ Hamacheri^^^ p Hamal^^^ A. Hamilton^^ S. Hamiltoni'^i, H. Han^^", 

L. Han32b, K. Hanagaki"^ M. Hance^^o, c. Haiidel^\ P Hallke5^^ J.R. Hansen^^, J.B. Hansen^^, 

J.D. Hansen^s, PH. Hansen^^, R Hanssoni'*^ K. Harai^", G.A. Harei", T. Harenberg^^^ ^ Harkusha^", 

D. Harper^'', R.D. Hamngton^i, O.M. Hams'3^ K. Harrison", J. Hartert'^^ F Hartjesi^^ T. Haruyama^^ 

A. Harvey^^ S. Hasegawa'0\ Y. Hasegawa^^o, S. Hassanii^e, M. Hatch^^, D. Hauff^^ S. Haug'^ 

M. Hauschild^^, R. Hauser*^ M. Havranek^", B.M. Hawes"*, CM. Hawkes", R.J. Hawkings^'', 

D. Hawkins^^^ T. Hayakawa*^^, D Hayden™, H.S. Hayward^^ S.J. Haywoodi^?, E. Hazen^', M. He^^'', 

S.J. Head", V. Hedberg™, L. HeeW, S. Heim^^ B. Heinemaimi^, s. Heisterkamp^^, L. Helary^, 

M. Heller"^ S. Hellmani'^^^'i'*^'', C. Helsens", R.C.W. Henderson^i, M. Henke5^^ A. Henrichs^'*, 

A.M. Henriques Correia'^^, S. Henrot-Versille"^, F. Henry-Couannier^^, C. Hensel^^, T. HenB""*, 

CM. Hernandez^, Y. Hernandez Jimenez R. Herrberg'^, A.D. Hershenhorn'^^, G. Herten^^, 

R. Hertenberger*^**, L. Hervas^^, N.R Hessey^^^ A. Hidvegi'^Sa^ E. Higon-Rodriguez D. HiU^'*, 

J.C HilF, N. HiU^, K.H. Hiller^i, S. Hillert^", S.J. Hillier", I. Hinchliffe''*, E. Hines'^o, M. Hirose"^, 

F. Hirsch42, D. Hirschbuehl"^, j. Hobbs^^^^ N. Hod'^^ M.C Hodgkinsoni^^, p Hodgson"9, 

A. Hoecker29, M.R. Hoeferkamp^oa, j. Hoffman^^, D. Hoffmann^^ M. Hohlfeld^i, M. Holderi^^i, 

A. Holmes''^ S.O. Holmgren*'^'^^ T. Holy"^, J.L. Holzbauer^^ Y. Homma^'', T.M. Hong'^O^ 

L. HooftvanHuysduynen'O^ T. Horazdovskyi^?, c. Horn^'*^^ § Horner'*^ K. Hortoni'^ J-Y. Hostachy^^, 

S. Houi^i, M.A. Houlden'^3 A. Hoummadal35^ J. Howarth*^^ p Howell"^ I. Hristova 

J. Hrivnac^i^ I. Hruska"^ T. Hryn'ova^ PJ. Hsu"^ S.-C. Hsu'^, G.S. Huang"', Z. Hubacek"^ 

F. Hubaut^^ F. Huegging^o, T.B. Huffman"^ E.W. Hughes^'', G. Hughes^', R.E. Hughes-Jones^^^ 
M. Huhtinen29, R Hurst^'', M. Hurwitzi"*, U. Husemann^^i, N. Huseynov^^-", J. Huston^^ J. Huth", 

G. lacobucci"*^, G. lakovidis^, M. Ibbotson^^, I. Ibragimov'^\ R. Ichimiya^^, L. Iconomidou-Fayard"^, 
J. Idarraga"5, M. Idzik^^ P Iengoi02a,i02b^ q igonkina'O^ Y. Ikegami^^, M. Ikeno^*', Y. Ilchenko^^, 
D. lUadisi^"*, D. Imbault''^ M. Imhaeuser"", m. Imorii^s, t. Ince^", J. Inigo-Golfin^^, R loannou^ 

M. Iodicei34a^ G. lonescu^, A. Irles Quiles'^^, K. Ishii^*^, A. Ishikawa^^, M. Ishino^^ 

R. Ishmukhametov^^ C. Issever"^, S. Istinl^^ Y. ltoh^'^\ A.V Ivashini^^, w. Iwanski^^, H. Iwasaki^^, 

J.M. Izen"*", V. Izzol02^ B. Jackson^^o, j.n. Jackson^^ P Jackson^^s, M.R. Jaekel^^, V. Jain^i, 

K. Jakobs'*^ S. Jakobsen^^, J. Jakubek"^, D.K. Jana'", E. Jankowski'^^ E. Jansen^'', A. Jantsch'^'^, 

M. Janus^^, G. Jarlskog^^, L. Jeanty^^, K. Jelen^^ I. Jen-La Plante^^, P. Jenni^^, A. Jeremie"*, P Jez^^, 

S. Jezequel"*, M.K. Jhal9^ H. Ji"^, w. Ji*i, J. Jia^"^^, Y. Jiang32b, M. Jimenez Belenguer^^i, G. Jin^^b, 

S. Jin^^a^ Q jinnouchi'5^, M.D. Joergensen^^ D. Joffe^'*, E.G. Johansen'^ M. Johansen'46a,i46b^ 

K.E. Johansson P Johansson"^ S. Johnert"*!, K.A. Johns^ K. Jon-And^'^*''''!'*^'', G. Jones^^ 

R.W.L. Jones'^!, T.W. Jones'^'', T.J. Jones''^ O. Jonsson^^, C. Joram^^, RM. Jorgei^^a-*-, j. Joseph^^, 

T. Jovin^^b, X. Ju'^", V. Juranek'^s, p Jussel*^^ VV Kabachenko'^s, s. Kabana^^^, M. Kaci'^^ 

A. Kaczmarska^^, P. Kadlecik^^, M. Kado"^, H. Kagan'°^, M. Kagan^^, S. Kaiser^^, E. Kajomovitz'^^, 

S. Kalinin"^, L.V. Kalinovskaya^^ S. Kama^^, N. Kanaya^^^ M. Kaneda^^, T. Kanno^^'', 

V.A. Kantserov''^ J. Kanzaki^*^, B. Kaplan'", A. Kapliy^", J. Kaplon^^ D. Kar^^, M. Karagoz^^ 

M. Karnevskiy'*!, K. Karr^, V. KartvelishviU^\ A.N. Karyukhin^^S, L. Kashif"^, A. Kasmi^^, 

R.D. Kassio^ A. Kastanas", M. Kataoka^, Y. Kataoka^^s, E. Katsou^is^ J. Katzy^i, V. Kaushik^ 

K. Kawagoe^^, T. Kawamoto'^^, G. Kawamura**', M.S. Kayl'"^, V.A. Kazanin'"'^, M.Y. Kazarinov*^, 

J.R. Keates^^^ r Keeler^''^ R. Kehoe^^ M. Keil^'*, G.D. Kekelidze^^ M. Kelly^^^ j Kennedy^^ 

CJ. Kenneyi'*^ M. Kenyon^^ O. Kepka^^s, N. Kerschen^^, B.R Kersevan''^^ § Kersten""*, 

K. Kessokui55, c. Ketterer'^^ J. Keung^^S, M. Khakzad^**, F Khalil-zada'O, H. Khandanyani*^^ 

A. Khanov"2, D. Kharchenko^^ A. Khodinov^^, A.G. Kholodenko^^s^ ^ Khomich^^^ T.J. Khoo^'', 

G. KhoriauU^o, A. Khoroshilov"'^, N. Khovanskiy^^ V. Khovanskiy^^ E. Khramov^^ J. Khubua^i, 

H. Kim^, M.S. Kim^, PC. Kim^'^^, S.H. Kimi*^", N. Kimura'™, O. Kind^^, B.T King", M. King^'', 
R.S.B. King"^ J. Kirk'29^ q p Kirsch"^ L.E. Kirsch^^, A.E. Kiryunin^^, D. Kisielewska^^ 
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T. Kittelmann'23, A.M. Kiver^^S^ ^ Kiyamura^^ E. Kladivai'*'^'', J. Klaiber-Lodewigs'*^, M. Klein", 
U. Klein^^ K. Kleinknecht^', M. Klemetti^^, A. Klier''", A. Klimentov^^, R. Klingenberg'*^^ 
E.B. Klinkby^^ T. Klioutchnikova^", RF. Klofcio^, s. Klous'''^ E.-E. Kluge5^^ T. Kluge", R Kluit^'^^ 
S. Kluth^9 E Kneringer''2, j. Knobloch^^, E.B .EG. Knoops^^ A. Knue^'^, B.R. Ko'*^ j Kobayashii^^ 
M. Kobel'*^ M. Kocim^'^^, A. Kocnar'^^ R Kodys'^e, K. Koneke^^, A.C. Konig^'^^, S. Koenig^\ 
L. Kopke^i, E Koetsveld^*''*, R Koevesarki^o, T. Koffas^^, E. Koffemani'^^ E Kohn^^, Z. Kohouti^^, 
T. Kohriki^^, T. Koil'*^ T. Kokott^", G.M. Kolachev^"'', H. Kolanoskii^ V. Kolesnikov^^ I. Koletsou^^^, 
J. Koll**^ D. Kollar^^ M. Kollefrath^^, S.D. Kolya**^, A.A. Komar'*'*, J.R. Komaragiri'42^ y. Komorii^^ 
T. Kondo^^ T. Kono'*^ ", A.l. Kononov^^ R. KonoplichiOS.P, N. Konstantinidis", A. Kootz"'^, 
S. Koperny^^, S.V. Kopikov^^s, K. Korcyl^^ K. Kordasi^'*, V. Koreshevi^^ A. Komi'*, A. Korolio'', 
1. Korolkoyii, E.V. Korolkova'^'^, V.A. Korotkoyi^s, O. Kortner''^ S. Kortner'^^ V.V. Kostyukhin^o, 
M.J. Kotamaki^'', S. Kotov^^ V.M. Kotov^^ A. Kotwal^^, C. Kourkoumelis^ V. Kouskoura'^'^, 
A. Koutsmanio^ R. Kowalewski^^^^ j^. Kowalski^'', W. Kozaneckii^e, a.S. Kozhini^s, V. Kral^^'', 
V.A. Kramarenko^^, G. Kramberger^^, O. Krasel"*^, M.W. Krasny^^, A. KraszHahorkay'*^^, J. Kraus^^, 
A. Kreisel^^^, E. Krejci'^^, J. Kretzschmar^^, N. Krieger^^, R. Krieger'^**, K. Kroeninger^'*, H. Kroha^^, 
J. Kroll'20^ J Kroseberg2", J. Krstic'2% u. Kruchonak^^ H. Kniger^", T. Krukerl^ Z.V. Krumshteyn^^ 

A. Kruth^o, T. Kubota^^, S. Kuehn'***, A. Kugel^^^ T. Kuhl'^^^ £, Kuhn'^^ V. Kukhtin^^ Y. Kulchitsky^o, 
S. Kuleshov^i'', C. Kummer^^ M. Kuna^^ N. Kundu^'^ J. Kunkle^^o, A. Kupco^^s, H. Kurashige^'^, 

M. Kurata^^", Y.A. Kurochkin^", V. Kus^^^, w. Kuykendall^'^ M. Kuze^", R Kuzhir^^, O. Kvasmcka^^^, 

J. Kvita^^ R. Kwee'5, A. La Rosa'^^ L. La Rotonda3<^'''36b^ l Labarga^**, J. Labbe"*, S. Lablak'^^a^ 

C. Lacasta'^^, F. Lacava'^2a,i32b^ Lacker'^ D. Lacour^^ V.R. Lacuesta'^^, E. Ladygin^^ R. Lafaye"^, 

B. Laforge^^, T. Lagouri^'', S. Lai"***, E. Laisne^^, M. Lamanna^^, C.L. Lampen^, W. Lampl^, 

E. Lancon"'', U. Landgraf*^ M.RJ. Landon^^ H. Landsman'^^^ j l Lane^^^ q Lange"^', 

A.J. Lankford^^^ E Lanni^^, K. Lantzsch^^, S. Laplace^*^, C. Lapoire^o, J.E Laportei^^, T. Lari^^a^ 
A.V. Larionov A. Lamer' C. Lasseur^^, M. Lassnig^^, W. Lau'^^, R. LaurelU'*'', A. Lavorato'^*, 
W. Lavrijsen''*, R Laycock''^, A.B. Lazarev*'^, A. Lazzaro**^'' **^'', O. Le Dortz''^, E. Le Guirriec^^, 

C. Le Maner'^^ E. Le Menedeu'^^, C. Lebel^^ T. LeCompte^ F. Ledroit-Guillon^^ H. Lee^''^, 
J.S.H. Lee'^o, S.C. Lee'^', L. Lee''^^ M. LefebYre'^^, M. Legendre"^ A. Leger^^ B.C. LeGeyt'^o, 

F. Legger^^, C. Leggett'"^, M. Lehmacher^", G. Lehmann Miotto^^, X. Lei'', M.A.L. Leite^^'', 

R. Leitneri26, D. Lellouch"\ J. Lellouch^^ M. Leltchouk^^, V. Lendermann58^ K.J.C. Leney^'^^'', 
T. Lenzi'^4^ q Lenzen^'^^^ g Lenzi^^, K. Leonhardt'*^ S. Leontsinis^, C. Leroy^^ J-R. Lessard'^^, 
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